Fig presents an overview of the various relationships between task, joint and muscle space. Implementation details are provided in section "Implementation details" so that simulation results presented here can be reproduced by others. A detailed derivation of the simplified arm model used in this study is presented in section "Simplified arm model". 
Overview of various relationships between task, joint and muscle space.
Implementation details
The source code along with any related material for this publication are publicly available 1 . The following Python packages were utilized numpy, sympy, matplotlib and pandas for linear algebra manipulation, symbolic derivation, plotting and statistical analysis, respectively. The open-source OpenSim framework was used for modeling and simulation of musculoskeletal systems. A self-contained docker build file for an Ubuntu image, which contains the various libraries, dependencies and source code, was also prepared so that readers can inspect, run and reproduce the results without having to fetch or setup the necessary project dependencies.
Simplified arm model
The simplified arm model ( S2 Fig) has three Degrees of Freedom (DoFs) and nine muscles, some of them being bi-articular. The analytical expressions of the Equations of Motion (EoMs) is given by
where M ∈ R n×n represents the inertia mass matrix, n the DoFs of the model, q,q,q ∈ R n the generalized coordinates and their derivatives, C ∈ R n×n the Coriolis and centrifugal matrix, τ g ∈ R n the gravity contribution and τ the specified generalized forces.
As the model is an open kinematic chain a simple procedure to derive the EoMs can be followed. Assuming that the spatial velocity (translational, rotational) of each body segment is given by v b = [u, ω] T ∈ R 6×1 , the Kinetic Energy (KE) of the system in body local coordinates is defined as
where
denotes the spatial inertia mass matrix, m i the mass and I i ∈ R 3×3 the inertia matrix of body i. The spatial quantities are related to the generalized coordinates by the body Jacobian
The total KE is coordinate invariant, thus it can be expressed in a different coordinate system
Following the above definition, the inertia mass matrix of the system can be written as
Furthermore, the Coriolis and centrifugal forces C(q,q)q can be determined directly from the inertia mass matrix
where the functions Γ i jk are called the Christoffel symbols. The gravity contribution can be determined from the Potential Energy (PE) function
where h i (q) denotes the vertical displacement of body i with respect to the ground. In this derivation we chose to collect all forces that act on the system in the term f (q,q). The muscle forces f m are transformed into joint space generalized forces (τ ) by the moment arm matrix (τ = −R T f m ). For a n-lateral polygon it can be shown that the derivative of the side length with respect to the opposite angle is the moment arm component. As a consequence, when expressing the muscle length as a function of the generalized coordinates of the model, the moment arm matrix is evaluated by R = ∂l m (q)/∂q. The analytical expressions of the EoMs following our convention are provided below (Eq. (S7)). The mass properties of the model are summarized in S1 Table and the muscle parameters in S2 Table. M (S14) M 3,1 = Iz 3 + L 1 Lc 3 m 3 cos (q 2 (t) + q 3 (t)) + L 2 Lc 3 m 3 cos (q 3 (t)) + Lc f 1 = Lc 1 gm 1 cos (q 1 (t)) + gm 2 (L 1 cos (q 1 (t)) + Lc 2 cos (q 1 (t) + q 2 (t))) + gm 3 (L 1 cos (q 1 (t)) + L 2 cos (q 1 (t) + q 2 (t)) + Lc 3 cos (q 1 (t) + q 2 (t) + q 3 (t)))
+ Lc 2 gm 2 cos (q 1 (t) + q 2 (t)) + gm 3 (L 2 cos (q 1 (t) + q 2 (t)) + Lc 3 cos (q 1 (t) + q 2 (t) + q 3 (t))) (2L 1 − 2a 9 ) sin (q 2 (t) + q 3 (t)) L 2 2 + 2L 2 b 9 cos (q 3 (t)) + L 2 (2L 1 − 2a 9 ) cos (q 2 (t)) + b 2 9 + b 9 (2L 1 − 2a 9 ) cos (q 2 (t) + q 3 (t)) + (L 1 − a 9 ) 2 (S46) R 9,3 = −L 2 b 9 sin (q 3 (t)) − b 9 2 (2L 1 − 2a 9 ) sin (q 2 (t) + q 3 (t)) L 2 2 + 2L 2 b 9 cos (q 3 (t)) + L 2 (2L 1 − 2a 9 ) cos (q 2 (t)) + b 2 9 + b 9 (2L 1 − 2a 9 ) cos (q 2 (t) + q 3 (t)) + (L 1 − a 9 ) 2 S1 Table: Body parameters: mass, inertia, length and center of mass (CoM). 
